INCREMENTAL BRAKING APPARATUS 
AND METHOD OF BRAKING 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to the field of brakes. More specifically, the present 

invention relates to an incremental braking apparatus and method for braking that uses an 
interface of flexible stops and rigid stops to provide an incremental braking effect. 

Description of the Related Art 

10 Brakes are used in a much wider variety of applications than is commonly 

recognized. The most obvious example of brakes is found in the common automobile. 
Typically, all the wheels in an automobile, whether car, truck or industrial vehicle, 
incorporate a braking mechanism to slow or stop the vehicle when moving. Similarly, 
bicycles are another common example of devices that utilize braking mechanisms. 

15 Additionally, however, brakes may be used in many other types of machinery 

which have moving parts that must be periodically slowed or stopped. For example, 
elevators must employ brakes to regulate the travel of the elevator. Some electric 
generators or motors use brakes to regulate revolutions. 

While modern braking technology continues to advance, many problems remain. 

20 For example, brakes by their nature are subject to extreme wear and tear. In automobiles, 
unequal demands are placed on the brakes when the automobile is turning. The brakes on 
the wheels inside of the turn need to exert less force than the brakes on the wheels on the 
outside of the turn. These unbalanced forces prevent braking from being as smooth and 
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even as it otherwise would be. Moreover, the wear on the braking mechanisms is 
increased. 

The Applicant has previously disclosed an incremental braking apparatus in U.S. 
Patent No. 6,155,390, which provides a novel braking interface that solves many of the 
5 problems with the existing braking systems described above. The braking apparatus 
disclosed in the '390 patent incrementally applies a braking force using a plurality of 
flexible stops having unequal lengths that engage a rigid stop on the braked member. The 
present invention provides an improvement over the braking apparatus disclosed in the 
Applicant's '390 patent by providing, among other things, an improved actuation system 
10 and layout for the flexible stops. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to meet the above-described needs and 
others. Specifically, it is an object of the present invention to provide a method of braking 
15 and a braking mechanism that can more evenly distribute braking forces. More 
specifically, it is an object of the present invention to provide a brake interface and 
method of braking that incrementally applies braking force as it is needed. 

It is a further object of the present invention to provide an incremental braking 
apparatus having an improved actuator and arrangement of flexible stops that allow a 
20 selected number of rows of the flexible stops to be engaged with rigid stops on the braked 
member. 
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It is a further object of the present invention to provide an incremental braking 
apparatus having a plurality of staggered rows of flexible stops that provide a compact 
arrangement without interference between the flexible stops in adjacent rows during 
braking. 

5 To achieve the stated and other objects, the present invention may be embodied as 

an incremental braking apparatus including a first rotating member having a plurality of 
rigid stops spaced circumferentially around an outer cylindrical surface of the first 
rotating member, and a plurality of flexible stops arranged in a plurality of rows on a 
stationary member. The flexible stops are selectively movable one row at a time toward 

10 the first rotating member from a disengaged position into an engaged position in which 
the flexible stops engage the rigid stops to provide a braking action on the first rotating 
member. An actuator with a beveled edge for engaging the outer ends of the flexible 
stops is operable to move a selected number of rows of the flexible stops into their 
engaged positions to provide an incremental braking effect. The rows of flexible stops 

15 are staggered such that the flexible stops in adjacent rows are not in circumferential 

alignment, thereby allowing the grid of flexible stops to be more compact and functional. 

According to a broad aspect of the present invention, a braking apparatus, is 
provided comprising: a first rotating member having at least one rigid stop thereon; a 
plurality of flexible stops which are selectively movable toward the first rotating member 

20 to engage the at least one rigid stop; and an actuator which is slidable to selectively 

engage the plurality of flexible stops and cause the flexible stops to move toward the first 
rotating member to engage the rigid stop on the first rotating member. 
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According to another broad aspect of the present invention, a braking apparatus is 
provided, comprising: a first rotating member having a plurality of rigid stops thereon, 
the rigid stops being spaced circumferentially around an outer cylindrical surface of the 
first rotating member; a plurality of flexible stops arranged in a plurality of rows, the 
5 flexible stops being selectively movable toward the first rotating member from a 

disengaged position into an engaged position in which the flexible stops engage the rigid 
stops as the first rotating member rotates; and an actuator which is operable to move a 
selected number of rows of the flexible stops into their engaged positions to provide 
incremental braking of the first rotating member. 

10 According to another broad aspect of the present invention, a method of braking is 

provided comprising the steps of: providing a first rotating member having rigid stops 
spaced circumferentially therearound, and a plurality of rows of flexible stops which are 
movable toward the first rotating member to engage the rigid stops; and moving a 
selected number of rows of the flexible stops toward the first rotating member to engage 

15 the rigid stops and provide incremental braking of the first rotating member. More 

specifically, the method includes the step of sliding an actuator into engagement with the 
flexible stops to move the flexible stops toward the first rotating member one entire row 
at a time to provide the incremental braking effect. 

Numerous other objects of the present invention will be apparent to those skilled in 

20 this art from the following description wherein there is shown and described a preferred 
embodiment of the present invention, simply by way of illustration of some of the modes 
best suited to carry out the invention. As will be realized, the invention is capable of 
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other different embodiments, and its several details are capable of modification in various 
obvious aspects without departing from the invention. Accordingly, the drawings and 
description should be regarded as illustrative in nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more clearly appreciated as the disclosure of 
the invention is made with reference to the accompanying drawings. In the drawings: 

Fig. 1 is a side view of a braking apparatus according to a first embodiment of the 
present invention, with the braking members shown in a disengaged position; 

Fig. 2 is a side view of the braking apparatus according to the first embodiment, 
with all of the braking members shown in an engaged position; 

Fig. 3 is a side view of the braking apparatus according to the first embodiment, 
with a portion of the braking members shown in an engaged position and a portion of the 
braking members shown in a disengaged position; 

Fig. 4 is an enlarged side view of a portion of the braking apparatus showing a 
sliding actuator holding two rows of braking members in an engaged position; 

Fig. 5 is an enlarged side view of the interface between one row of braking 
members and the braked member according to a second embodiment of the present 
invention; 

Fig. 6 is an enlarged side view of the interface between one row of braking 
members and the braked member according to a third embodiment of the present 
invention; 



Fig. 7 is an enlarged side view of the interface between one row of braking 
members and the braked member according to the first embodiment; 

Fig. 8 is a perspective view of the braked member according to the first 
embodiment, showing the rigid stops positioned around the circumference thereof; 

Fig. 9 is a plan view of an array of flexible stop members and the grid holding the 
array of flexible stop members according to the first embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

A braking apparatus having an incremental actuation system and staggered rows of 
flexible stop members according to preferred embodiments of the present invention will 
now be described in detail with reference to Figs. 1 to 9 of the drawings. It will be 
appreciated that the principles of the present invention may be applied to any type of 
brake, and that the invention is not limited to the particular examples described below. 

As shown in Fig. 1, a first rotating member 10 is provided having at least one, and 
preferably several, rigid stops 1 1 spaced circumferentially about an outer cylindrical 
surface 12 thereof. The rigid stops 1 1 are elevated ridges that project radially outwardly 
from the outer surface 12 of the first rotating member 10. The rigid stops 1 1 extend 
axially along the outer cylindrical surface 12 of the first rotating member 10 across the 
width of the engagement surface thereof, as shown in Fig. 8. 

The particular structure of the rigid stops 1 1 may take a variety of forms. For 
example, as shown in Figs. 1 to 4, 7 and 8, the rigid stops 1 1 may have a cross section in 
the form of a right triangle. In this case, the upstanding side of the triangle provides a 
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blunt leading face 13 relative to a direction of rotation of the first rotating member 10, 
and the tapered side of the triangle provides a tapered trailing face 14. The blunt leading 
face 13 projects radially outwardly from an outer surface 12 of the first rotating member 

10 for engaging the flexible stops (described below). The tapered trailing face 14 tapers 
from an outer point of the blunt leading face 13 to the outer surface 12 of the first rotating 
member 10. 

In the alternative embodiments shown in Figs. 5 and 6, the rigid stops 1 1' have a 
cross section shape in the form of a rectangle with blunt faces 13', 14' on both the leading 
and trailing sides. The rigid stops IT in these alternative embodiments extend axially 
along the outer cylindrical surface of the first rotating member, similar to the rigid stops 

11 shown in Fig. 8. 

A plurality of flexible stops 15 are supported by one or more stationary members 
16. The stationary members 16 may be brake calipers in the case of disc brake systems, 
or brake shoes in the case of drum brake systems. In Figs. 1 to 3, four stationary 
members 16 are circumferentially spaced about the first rotating member 10 and support 
four respective groups of flexible stops 15 at equidistant locations around the first 
rotating member 10. The flexible stops 15 are selectively movable between their 
disengaged position, as shown in Fig. 1, and their fully engaged position, as shown in 
Fig. 2. 

The flexible stops 15 have longitudinal axes and are movable along their respective 
longitudinal axes toward and away from the first rotating member 10. The flexible stops 
15 are moved toward the first rotating member 10 to their engaged position to engage the 



rigid stops 1 1 when braking action is desired on the first rotating member 10. The 
flexible stops 15 are preferably tabs that are thin enough so that they can flex in either 
direction along the circumferential direction of rotation of the first rotating member 10. 
The flexible stops 15 must have sufficient flexibility to permit passage of the rigid stops 
11. For example, the flexible stops 15 can be made from stainless steel. The particular 
structure of the flexible stops 15 can be as disclosed in the Applicant's U.S. Patent No. 
6,155,390, which is incorporated herein by reference. 

The lower ends 17 of the flexible stops 15 can be flat, as shown in Fig. 4, or the 
lower ends can be in the form of a tapered edge, as shown in Figs. 5 and 6. The tapered 
lower end of the flexible stop 15' shown in Fig. 5 provides a blunt leading face 18' for 
engaging the rigid stops 1 1 during braking, and a tapered trailing face 17*. On the other 
hand, the tapered lower end of the flexible stop 15" shown in Fig. 6 provides a tapered 
leading face 18" for engaging the rigid stops 1 1 during braking, and a blunt trailing face 
17". A blunt leading face 18' on the flexible stops will provide a greater braking force 
than the tapered leading face 18", while the tapered leading face may provide a slightly 
quieter operation. It is contemplated that some applications will prefer an arrangement in 
which the rigid stops 1 1 engage the blunt faces 18', 17" of the flexible stops 15 when 
braking the forward motion of a vehicle, and engage the tapered faces 17', 18" of the 
flexible stops 15 when braking reverse motion of the vehicle. This would provide a 
greater braking force for high forward speeds of the vehicle, and a relatively smaller 
braking force for the typically lower reverse speeds of the vehicle. The blunt and tapered 
faces 13, 14 of the rigid stops 1 1 of the embodiment shown in Figs. 4 and 7 could also be 
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arranged in this manner (i.e., the blunt faces 13 are leading during a forward motion, and 
the tapered faces 14 are leading during a reverse motion). 

Each flexible stop 15 preferably includes a spring (not shown) that allows the 
flexible stop 15 to retract into the stationary member 16 a given distance. A spring stop 
5 (not shown) is provided to limit the retraction of the flexible stop 15 into the stationary 
member 16. 

Figs. 3 and 4 show a slidable actuator 20 that is provided to selectively engage each 
group of flexible stops 15. A group of actuators 20 can be controlled by a common 
actuation means 19 for simultaneous operation. The actuator 20 is slidable within the 

10 stationary member 16 along a circumferential path that intersects the longitudinal axes of 
the flexible stops 15 and is spaced from the first rotating member 10. The actuator 20 has 
a beveled leading surface 21 for engaging the outer ends 22 of the flexible stops 15. The 
beveled surface 21 of the actuator provides a camming action that forces the flexible 
stops 15 to move toward the first rotating member 10 as the actuator 20 slides over and 

15 past the outer ends 22 of the flexible stops 15. In an alternative arrangement, outer ends 
22 of the flexible stops 15 are beveled instead of, or in addition to, the beveled surface 21 
of the actuator 20. In either case, the interface between the actuator 20 and the flexible 
stops 15 includes a beveled surface that provides the desired camming action to force the 
flexible stops 15 to move toward the first rotating member 10. The sliding movement of 

20 the actuator 20 is used to change the number of flexible stops 1 5 engaging the rigid stop 
10 to provide an incremental braking effect which is superior to the functioning of 
previous braking systems. 
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The flexible stops 15 are arranged in a plurality of rows 23 with each row 
comprising a plurality of the flexible stops 15. The rows 23 of flexible stops 15 run 
perpendicular to the arc through which the first rotating member 10 rotates, along lines 
that are generally parallel to an axis of rotation 24 of the first rotating member 10 and 
parallel to the rigid stops 11. The actuator 20 has a width in an axial direction that allows 
the actuator 20 to simultaneously engage all of the flexible stops 15 in a row 23. The 
actuator 20 is slidable to selectively engage the outer ends 22 of the flexible stops 15 with 
the beveled surface 21 to move each row 23 of flexible stops 15 simultaneously toward 
the first rotating member 10. The actuator 20 is operable to move a selected number of 
rows 23 of the flexible stops 15 into their engaged positions to provide incremental 
braking of the first rotating member 10. 

As can be seen in the drawings, the number of flexible stops 15 is greater than the 
number of rigid stops 1 1 in the preferred embodiment. The precise number of flexible 
stops 15 and rigid stops 1 1 can vary and will depend on the particular application and 
braking force required. 

The dimensions of the flexible stops 15 and rigid stops 1 1 are also variable 
depending on the particular application and braking force required. For example, the 
flexible stops 15 may have a length of about 1 Vi inches, and the rigid stops 1 1 may 
protrude to a height of about 1/8 inch from the outer surface 12 of the rotating member 
10. This provides a ratio of about 12 to 1 for the length of the flexible stops 15 and the 
height of the rigid stops 11. This ratio of about 12 to 1 has been determined to be a 
preferred ratio for the length of the flexible stops 15 and the height of the rigid stops 1 1 
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because it provides a sufficient engagement interface for transmitting the braking force, 
allows the flexible stops 15 to be arranged in a compact formation, minimizes heat 
buildup from friction, and avoids any instances of over-bending that might lead to 
permanent deformation. 

As shown in Fig. 9, the flexible stops 15 are arranged in a matrix and held in their 
respective positions by a grid 25. The exemplary matrix shown in Fig. 9 has six rows 
23a-23f of flexible stops 15 with the rows 23a-23f running perpendicular to the indicated 
direction of rotation. The bottom row 23a of the illustrated matrix includes three flexible 
stops 15, the next row 23b above the bottom row 23a includes two flexible stops 15, the 
next row 23c includes three flexible stops 15, and so on. The rows 23a-23f are staggered 
so that the flexible stops 15 of adjacent rows are offset from one another. That is, the 
flexible stops 15 of adjacent rows are not in circumferential alignment with each other. 
The staggered arrangement of the flexible stops 15 allows for a more compact 
arrangement of a high number of flexible stops 15 and avoids interference between the 
flexible stops 15 in adjacent rows during braking. Thus, the staggered rows 23a-23f 
provide a significant improvement over the prior art. 

The structure of the braking apparatus according to various embodiments of the 
present invention is described above. A method of braking according to the present 
invention will now be described by explaining the operation of the braking apparatus. 

The braking apparatus includes the first rotating member 10 having rigid stops 1 1 
spaced circumferentially therearound, and a plurality of rows 23 of flexible stops 15 
which are movable toward the first rotating member 10 to engage the rigid stops 1 1 . The 
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slidable actuator 20 is operable to move a selected number of rows 23 of the flexible 
stops 15 toward the first rotating member 10 to engage the rigid stops 11. The actuator 
20 has a beveled leading face 21 that spans across an entire row 23 of flexible stops 15. 
Thus, the actuator 20 can engage and move the flexible stops 15 toward the first rotating 
member 10 one entire row 23 at a time. By changing the relative position of the slidable 
actuator 20, the number of rows 23 of flexible stops 15 engaged with the rigid stops 1 1 
can be precisely controlled to provide an incremental braking effect on the first rotating 
member 10. 

As explained above, the rows 23 of flexible stops 15 are each arranged along a line 
23a-23f extending generally parallel to an axis of rotation 24 of the first rotating member 
10 and perpendicular to a circumferential direction of rotation thereof. The rows 23 of 
flexible stops 15 are staggered such that the flexible stops 15 of adjacent rows 23 are not 
in circumferential alignment with each other. As a result, the rows 23 of flexible stops 15 
can be placed closer together in a compact arrangement, and a smooth and continuous 
incremental braking action can be achieved. 

The preceding description has been presented only to illustrate and describe the 
invention. It is not intended to be exhaustive or to limit the invention to any precise form 
disclosed. Many modifications and variations are possible in light of the above 
teachings. 

The disclosed embodiments were chosen and described in order to best explain the 
principles of the invention and its practical application. The preceding description is 
intended to enable others skilled in the art to best utilize the invention in various 
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embodiments and with various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the invention be defined by the following 
claims, which should be construed as broadly as the prior art will permit. 
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